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From a young age, Monro secundus was marked to take over his father's role as the Professor of Anatomy at Edinburgh. He was enrolled at Edinburgh University in 1745 and by 1753, he began teaching at his father's summer anatomy course and on June 10, 1754 he was named conjoint Professor of Anatomy. 2 The following year, he presented his thesis De Testibus et semine in variis animalibus for which he received his medical degree. 4 
PERSONAL LIFE
Monro secundus was married to Katherine Inglis and had 5 children. Following a 54-yr teaching career, in 1798, he passed on the role to his son, Monro tertius to hold the appointment. After his retirement, he donated his extensive anatomic and pathological specimen collection to the University of Edinburgh, acting on a promise he had made in 1764. Monro secundus suffered a stroke in 1813, which forced him to cease his clinical and academic activities. 2 
MEDICAL CAREER AND ACADEMIC CONTRIBUTIONS
After graduation, Monro secundus travelled to London to read anatomy with William Hunter (1718-1783), who was a student of Monro primus. He then went to Paris to pursue his passion but returned to Edinburgh prematurely, to assist with teaching anatomy and other duties at the University due to his father's declining health. After spending a few months in Berlin under Johann Friedrich Meckel the Elder he then enrolled at Leiden University in 1757 where he met two prominent anatomists, Bernhard Siegfried Albinus and Petrus Camper. In 1758, Monro Secundus returned home to officially take over the responsibility of his father. The following year in 1759, he was elected as a Fellow of the Royal College of Physicians of Edinburgh. 5 Monro secundus was an accomplished lecturer. In 1764, a new lecture hall had to be built to accommodate his growing number of students. His excellence is also proven by the fact that several eponyms have been associated with his name (Table 1) . Monro secundus achieved his first publication, titled De venis lymphaticis valvulosis. 6 Here, against the popular belief held at the time, he argued that the lymphatic system was absorbent and a different entity from the circulatory system. This caused conflict with his former professor, William Hunter, who claimed he had been teaching this concept for many years to which Monro rebutted that in fact, Hunter stole the idea from his thesis. However, it came to light that others, including Francis Glisson and Friedrich Hoffman had published speculations 
Interventricular Foramen
The interventricular foramen of Monro, was described by Monro secundus at the meeting of Philosophical Society of Edinburgh in 1764. He was the first to describe a short conduit between the paired lateral ventricles and the third ventricle of the brain, although a number of researchers had also identified presence of a similar communication before him (Table 2) . It is now an established fact that the foramen of Monro is often obstructed by infections, vascular abnormalities, congenital atresia, and neoplastic conditions often leading to obstructive hydrocephalus. 3, 8 Monro secundus gave detailed illustrations of the Foramen and the the pathological changes seen in the setting of hydrocephalus. This was evident from the autopsy specimen of a 3-yr-old boy whose brain was inspected by Monro and his colleague, Robert Whytt (1714-1766) in 1753. 2, 3 In 1783 Monro secundus published about the Foramen in a paper titled, Observations on the Structure and Functions of the Nervous System stating:
"After laying open one of the lateral ventricles of the brain in the usual way, leaving the septum between the ventricles entire, let the gutter which is between the corpora striate and thalami nervorum opticorum, the bottom of which is occupied by the substance called Centrum semicirculare geminum, be traced inwards, and it will be found to lead to the fore part of an oval hole, large enough to admit a goose quill, under the fore part of the fornix. From this hole, a probe can readily be passed into the other lateral ventricle, shewing, in the first place that the two lateral ventricles communicate with each other. When the fornix is next divided transversely, we find that this passage has the anterior crura of the fornix in the fore part, and the joining or middle part of the choroid plexus of the lateral ventricles at its back part, and that its middle part is over a passage down-wards, named the iter ad infundibulum, or vulva, which should rather be called iter ad tertium ventriculum" 8
Foramen of Monro Before Monro
The first known anatomic drawings of the foramen were illustrated by Leonardo da Vinci in the 1510s and was based on a wax cast of the ventricles of the brain of an ox (Figure 2 ).
FIGURE 2. Historical sketches by Leonardo da Vinci illustrating anatomy of the brain. A, The layers of the scalp compared to an onion (1489). The earliest drawings of da Vinci show the ventricles connected to the eye and projecting backwards, into the brain. It is this drawing, where he famously likens the meningeal layers to those of an onion (left hand side of image). B, Studies of the eyes and brain (1508). Later studies conducted by da Vinci illustrate a better understanding of the ventricles and of nerves permeating to peripheral nerves. This is likely to be the result of wax casts made of the ventricular system of other "lower" animals, such as an ox (figure C). C, The ventricles of the brain of an ox (unknown date: 1508-1510). Da Vinci describes a method whereby he injects warmed wax into ventricular system of ox, allowing it to cool, then visualizing and
sketching the mould. 9 Images from Royal Collection Trust/ C Her Majesty Queen Elizabeth II, 2018. These drawings remarkably demonstrated a clear communication between each lateral ventricle and the third ventricle. 9 Another anatomist called Vesalius mentions the interventricular foramen in his "Epitome". 10 Here, he describes:
"other by the septum but come together in a sinus (the third ventricle) lying under the body formed like an arch (fornix); this space extends directly downwards as a prominent channel through the substance of the brain into a funnel or basin formed by a thin membrane of that shape (the infundibular recess)"
10
Vesalius probably had the correct idea that the lateral ventricles and third ventricle indeed had a communication but he was inaccurate in his descriptions. After Vesalius, another noted anatomist Willis (1682) painted a similar picture to Vesalius stating that:
"Into this (third) ventricle there are two openings, one of which stands in the beginning of it and the other at its end; and through the middle of its extent a downward sloping aperture stretches toward the infundibulum, so that a serous humour coming up to or other of the foramina flows down immediately to the infundibulum." 8 The next notable contribution was made by Winslow (1732) when he described:
"The infundibulum opens above immediately before the optic thalami, by the oval hole named foramen commune anterius, and consequently communicates with the lateral ventricles." 8 Finally, Monro gave the clearest illustration of the foramen that we today call the Foramen of Monro. He believed the interventricular foramina to lie one at each end of a transversely directed passage, constituting a direct connection between the two lateral ventricles, and which, in turn, opens inferiorly into the third ventricle via a vertically disposed orifice that he referred to as the "iter ad tertium ventriculum" (Figure 3) 
The Monro Bell Controversy
Monro's description of the interventricular foramen encountered resistance from other well-known anatomists of his time. It seems that despite the "Teachers of Anatomy in London" having knowledge of the continuity between the third and lateral ventricles they did not accept Monro's illustrations. Such conflicting views may have been attributed to the differing methods of dissecting the brain. 8 Monro received hostile criticism from a renowned surgeon and anatomist, Sir Charles Bell (1802). The basis of his accusations was based on Monro describing something that was already well known rather than outright rejecting his descriptions. He went on to further condemn Monro for taking passages from previous accounts of older anatomist out of context and giving a false impression in relation to the interventricular foramen. 12 Bell, who also studied anatomy at Edinburgh, was perhaps bitter towards Monro because he yearned the Chair of Anatomy, which was occupied by Monro at that time. 12 In summary, Monro was not the only, and certainly not the first anatomist to discover the communication between the third and lateral ventricles (Table 2) . However, his anatomic description was the most accurate known at that time.
Monro-Kellie Doctrine
The Monro-Kellie doctrine is named after distinguished anatomist, Alexander Monro secundus and the Scottish surgeon, George Kellie (1758-1829), who also happened to be a former student of Monro. 1 Monro-Kellie doctrine is based on the cranium being a rigid structure and the total volume of its constituents (brain tissue, blood, and cerebrospinal fluid [CSF]) being constant. It states that an increase in volume of any of its constituents must be compensated by a decrease in volume of another. If this fails to happen, it will cause an increase in Intracranial pressure (ICP). 13 The doctrine is essential when understanding the detrimental effects of raised ICP on the brain. 1 When Monro published about the intraventricular foramen, he also made observations about the cranial cavity, applying physical principles to the contents inside the cranium, which was to eventually lead to the Monro-Kellie doctrine. 14 15 Monro first established that the brain tissue is protected by a rigid skull, which is neither compressible nor expandable. He then noted that the blood contained within the cavity is constant, and a continuous blood outflow (venous blood) is essential for incoming blood (arterial blood) to nourish the brain tissue. Kellie's investigations demonstrated that amount of blood in cerebral vessels was not influenced by the effects of gravity when animals were hanged. These findings were corroborated when Monro and Kellie dissected bodies of 2 pirates who were hanged at Leith. During their postmortem examination of the pirates' bodies, they noted that while the extracranial vessels were congested the intracranial vessels were not. 1, 2 From the extensive works of Monro and Kellie we can now simplify their doctrine into a mathematical formula as follows: 15 "The Monro-Kellie doctrine" is sometimes referred to as the "Monro-Abercrombie doctrine" as Kellie's findings were endorsed by a noted pathologist from the University of Edinburgh, John Abercrombie (1780-1844).
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MEDICAL CONTRIBUTIONS OF THE MONRO DYNASTY
The medical contributions of the Monro dynasty (Figure 4 ) are tabulated in Table 3 . Monro primus played a significant role in advancing modern medicine in his foremost publication in 1726, The Anatomy of Humane Bone. Here he discussed 2 main theories, the first one was that nerves are solid and they transmit vibrations to their targets and secondly, nerves are filled with fluid that travel from the brain to organs and muscles. 16 Monro primus published in excess of 50 papers on wide ranging topics. He postulated the presence of foreign bodies in the vermiform appendix and that jaundice was mainly caused by common bile duct obstruction. He also published on the nourishment of the fetus via amniotic fluid and smallpox inoculation. Furthermore, Monro primus employed a unique technique of using colored oil of turpentine to permeate cadavers. Although Monro tertius published extensively, he was unable to achieve the high standards set by his father and grandfather. Despite these shortcomings his best work included papers titled "Observations on Aneurism of the Abdominal Aorta (1827) and The Anatomy of the Urinary Bladder and Perineum of the Male (1842)". His most notable neurosurgical contribution included the paper The Morbid Anatomy of the Brain. 17 There has been a lot documented about the 126-yr long reign of the Monros over the Chair of Anatomy at Edinburgh University. However, very few are aware of the politics and nepotism that was rife during that period which led to this stronghold. This was the case as during the Monro rule, the successor was appointed before the chairman vacated his position, giving him unprecedented influence in selecting his successor. The appointment process was overhauled in 1846, when the Royal College of Surgeons ended the century old tradition by accepting Monro tertius' resignation and appointing John Goodsir on 2 May, 1846 as the Professor of Medicine and Anatomy. 2 Monro tertius was always going to have a difficult time achieving the high standards set by his predecessors. And this became evident when his detractors described him as an uninspired anatomist who did not compare with his brilliant father or grandfather. Furthermore, he was criticized for his style of lecturing and writing. Often his work was described as unclear and unoriginal. Some prominent figures including Charles Darwin wrote that "Dr Monro made his lectures on human anatomy as dull, as he was himself, and the subject disgusted me".
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CONCLUSION
Alexander Monro secundus was an exceptional anatomist. He made several contributions to the field of medicine. His most significant work includes the discovery of the interventricular foramen and the Monro-Kellie doctrine. The former is one of the most important anatomic landmarks in the diagnosis and management of several intraventricular conditions and the latter still forms the fundamental basis for various modalities of management in patients with head injuries. Without these invaluable contributions of Monro, contemporary neurosurgery might not have been where it is today.
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